Human skinned muscle fibers were used to investigate the effects of bovine serum albumin (BSA) on the tension/pCa relationship and on the functional properties of the Ca 2+ -release channel of the sarcoplasmic reticulum (SR). In both fast-and slow-type fibers, identified by their tension response to pSr 5.0, BSA (0.7-15 µM) had no effect on the Ca 2+ affinity of the contractile proteins and elicited no tension per se in Ca 2+ -loaded fibers. In contrast, BSA (>1.0 µM) potentiated the caffeineinduced tension in Ca 2+ -loaded fibers, this effect being more intense in slow-type fibers. Thus, BSA reduced the threshold caffeine concentration required for eliciting detectable tension, and increased the amplitude, the rate of rise and the area under the curve of caffeine-induced tension. BSA also potentiated the tension elicited in Ca 2+ -loaded fibers by low-Mg 2+ solutions containing 1.0 mM free ATP. These results suggest that BSA modulates the response of the human skeletal muscle SR Ca 2+ -release channel to activators such as caffeine and ATP.
In the course of a study of the effects of peptide scorpion toxins on the functional properties of the sarcoplasmic reticulum (SR) (1) it was observed that bovine serum albumin (BSA), which was used to saturate nonspecific binding sites for the toxins, potentiated the caffeine-induced tension in rat skinned muscle fibers. Subsequently, it was shown that BSA increased the binding of ryanodine to, and enhanced the electrophysiological activity of the Ca 2+ -release channel of skeletal muscle SR (2, 3) . In the present study we used human skinned muscle fibers to explore the functional interaction of BSA with the Ca 2+ -release channel. Experiments were performed at 19 ± 1 o C on single skinned fibers prepared from biopsies of human skeletal muscles (quadriceps and vastus lateralis), obtained during programmed surgery at the Hospital Universitário Clementino Fraga Filho, Rio de Janeiro, Brazil. The study protocol was approved by the Hospital Ethics Committee. The procedures employed for a) chemically skinning the muscle fibers during overnight soaking in EGTA-containing skinning solution, b) storing the skinned fibers at -20 o C in glycerolcontaining relaxing solution, c) recording isometric tension from a single fiber segment at a sarcomere length of 2.6 ± 0.05 µm, d) studying the tension/pCa relationship in fibers whose SR was functionally disrupted by pretreatment with the non-ionic detergent Brij-58, e) loading Ca 2+ into the SR, f) releasing the SR-stored Ca 2+ with caffeine, and g) calculating the composition of the experimental solutions have been previously described (4-6). The control bathing medium ("washing" solution, designated W) had the following composition: 185 mM K propionate, 2.5 mM K 2 Na 2 ATP, 2.5 mM Mg acetate and 10 mM imidazole, pH 7.0; 50 µM K 2 EGTA was added to this solution to reduce the concentration of contaminating Ca 2+ . The skinning solution and the standard "relaxing" solution (designated R) had the same composition: 170 mM K propionate, 2.5 mM K 2 Na 2 ATP, 2.5 mM Mg acetate, 5 mM K 2 EGTA and 10 mM imidazole. Solutions used to load Ca 2+ into the SR ("loading" solutions of pCa 6.5-7.0) or to activate the myofibrils directly ("activating" solutions of pCa 6.2-4.5) were prepared by replacing K 2 EGTA in the relaxing solution with CaK 2 EGTA to obtain different K 2 EGTA/ CaK 2 EGTA ratios, while keeping the total EGTA concentration constant at 5 mM. An activating solution of pSr 5.0 was prepared by replacing K 2 EGTA in the relaxing solution with SrK 2 EGTA. BSA, caffeine base, ATP and imidazole were obtained from Sigma Chemical Co. (St. Louis, MO). All other reagents were analytical grade. Molar concentrations of BSA were calculated assuming M r to be 69,000; thus, 1 mg/ml or 0.1% = 15 µM.
Fiber type (slow or fast) was identified at the beginning of each experiment by comparing the tension elicited by activating solutions of pSr 5.0 or pCa 4.4 (7). pCa 4.4 induces maximum tension (P o ) in both fiber types, whereas pSr 5.0 elicits no tension in human fast-type fibers but induces >80% P o in slow-type fibers. Experiments during which P o declined by 20% or more were excluded from analysis. Each protocol was repeated on a minimum of four fibers. Data from pooled experiments are reported as means ± SEM and the Student t-test was used for statistical analysis.
BSA (0.15-15 µM) had no effect on the resting tension of Ca 2+ -loaded human skinned fibers, but potentiated the caffeine-induced tension in both fast-and slow-type fibers (Figure 1 ). Potentiation was detected as in- creases in the peak amplitude, maximum rate of rise (dP/dT max ) and area under the curve (AUC) of the caffeine-induced tension ( Figure 1A,B) . The AUC, which provides a good functional correlate of the caffeine-induced release of SR-stored Ca 2+ (8) , was used for quantification of the data. The data in Figure 1C ,D show that 15 µM BSA, a maximally active concentration, increased the AUC of the caffeine-induced tension in slow-type fibers at various levels of SR Ca 2+ loading; in fast-type fibers, however, significant increases in AUC occurred only when the SR was heavily loaded, i.e., following soaking for 1 or 5 min in a loading solution of pCa 6.5. In addition to its potentiating effect on the tension elicited by 20 mM caffeine, BSA reduced the threshold caffeine concentration required for eliciting detectable tension in maximally Ca 2+ -loaded fibers. This is shown in Figure 2 for both fiber types. In the absence of albumin (control), no tension was elicited in the fast fiber during exposure to 2 or 5 mM caffeine, whereas the slow fiber developed a small (<5% P o ) tension when challenged with 5 mM caffeine. Increasing the caffeine concentration to 20 mM evoked responses from both fibers (Figure 2A 1 ,B 1 ). In the presence of albumin (15 µM; Figure  2A 2 ,B 2 ) the slow-type fiber developed a barely detectable tension when exposed to 2 mM caffeine, while 5 mM caffeine induced large (>50% P o ) tensions in both fiber types. Significantly, the tension recorded during the subsequent challenge with 20 mM caffeine was markedly reduced in relation to the control responses of both fibers. We propose that this reduction is caused by partial depletion of SR-stored Ca 2+ due to the increased release of Ca 2+ during the previous exposure to 5 mM caffeine in the presence of albumin. Ca
2+
-loaded fast-type fibers develop tension when exposed to low-Mg 2+ (<200 µM) washing solutions, containing 1 mM free ATP. This ATP-induced tension was also enhanced by BSA (15 µM), as indicated by the reduced latency for tension development, increased dP/dT max and larger AUC of the tension curve (data not shown).
To determine whether increased Ca 2+ affinity of the contractile proteins contributes to the potentiation of the caffeine-or the ATP-induced tension by BSA, tension/pCa curves were constructed. The plots in Figure  2C show that the curves obtained in the absence or in the presence of BSA (15 µM) were superimposable. Thus, BSA does not affect the Ca 2+ affinity for troponin-C under our experimental conditions. A and B show recordings of isometric tension from a slow-and a fast-type fiber, respectively. The experimental protocol was similar to that depicted in the box in Figure 1 , except that the Ca 2+ -loaded fibers were successively challenged with 2, 5 and 20 mM caffeine (Caff). In A 2 and B2, BSA (15 µM) was added to the washing solution W before and during the caffeine tests. C shows the tension/pCa relationship of 5 slow-and 5 fast-type fibers, whose SR was previously disrupted by pretreatment with Brij-58 (2% w/v in the relaxing solution R for 10 min). Data are reported as means ± SEM relative to control P o elicited by pCa 4.4. The curves were obtained by fitting the experimental control data points to the Hill equation:
For better visualization, some data points were displaced by 0.03 pCa units along the abscissa. BSA has been shown to stimulate the electrophysiological activity of the SR Ca 2+ -release channel in the presence of agonists such as caffeine and ATP (2, 3) . These data are consistent with, and provide a tentative mechanistic explanation for the potentiation of the caffeine-and the ATP-induced tension by BSA in human muscle fibers, which we now report. Lu et al. (3) have shown that BSA potentiates ryanodine binding to the Ca 2+ -release channel of both skeletal and cardiac muscle by increasing the binding capacity (B max ) without significantly affecting the binding constant (K D ). Increased binding of caffeine or ATP to their receptors in the Ca 2+ -release channel could account for the potentiation of the tension induced by these ligands in human skinned fibers. Changes in surface charge density due to BSA adsorption to the SR membrane might contribute to the effects of BSA on the release channel. BSA carries a net negative charge at physiological pH, and its adsorption to the SR membrane could increase the local concentration of Ca 2+ , which is a potent physiological activator of the release channel and which interacts synergistically with both caffeine and ATP to stimulate Ca 2+ release. Changes in surface charge density have been previously proposed to account for the BSA-induced potentiation of Ca 2+ channel currents in neuroblastoma x glioma cells (9) .
